gy from basic metabolic accumulation in the body is spent as fish consume their own tissues to remain alive during starvation (Mustafa & Mittal, 1982; Weatherley & Gill, 1987; Kim et al., 2012; Park et al., 2013) . During starvation, essential processes in fish are maintained at the expense of accumulated (i.e., completely endogenous) energy reserves, resulting in the progressive depletion and wastage (degrowth) of body tissues (Weatherley & Gill, 1987; Park et al., 2015) . The observed incidence of starvation is fundamentally common based on morphological and histological criteria ).
The efficiency of oxygen consumption in fish is directly related to their metabolic processes, through which they synthesize body ingredients to produce physical energy. This, in turn, ultimately determines their population density, food supply, and fish yield (Mehner & Wieser, 1994) . Mehner and Wieser (1994) observed the relationship between the depletion of energy reserves and changes in oxygen consumption in the perch, Perca fluviatilis. Starvation reduces oxygen consumption efficiency as reported in perch larvae and the traira, Hoplias malabaricus, when they were subjected to extended periods of starvation (Mehner & Wieser, 1994; Rios et al., 2002) .
Stresses on fish induce the release of catecholamine and cortisol, which cause the rapid metabolism of highenergy storage compounds (Barton & Iwama, 1991) . These catabolic processes have harmful biochemical effects on fish health and lead to slow growth (Specker & Schreck, 1980) . Fish exhibit primary, secondary, and tertiary responses to stress (Barton & Iwama, 1991) . The primary response is manifested in rapid changes in plasma catecholamine and corticosteroid. When these responses to stressful conditions exceed normal levels, harmful secondary and tertiary responses occur. Therefore, stress induces changes in the energetic metabolic processes, reduces growth rate, disturbs reproduction, and leads to rapid changes in flesh quality after death (Barton & Iwama, 1991 ). Blood chemistry serves as an indicator of an animal's physiological state and many factors (age, sex, nutrition, season, and circadian rhythm) may affect the blood chemistry. Information is available from the plasma glucose changes during starvation in the Atlantic cod, Gadus morhua L., the European eel, Anguilla anguilla (Larsson & Lewander, 1973) , the pike, Esox lucius (Ince & Thorpe, 1976) , the toadfish, Opsanus tau (Tashima & Cahill, 1968) , the goldfish, Carassius auratus (Chavin & Young, 1970) , and the American eel, Anguilla rostrata (Moon, 1983) .
Studies of plasma free fatty acids during starvation stress have also been performed in the European eel (Larsson & Lewander, 1973) , the American eel (Moon, 1983) , the rainbow trout, Oncorhynchus mykiss (Sumpter et al., 1991) , the pike (Ince & Thorpe, 1976) , and the toadfish (Tashima & Cahill, 1968) . Rios et al. (2002) noted that erythrocyte senescence and hematological changes are induced by starvation in Hoplias malabaricus.
The Far Eastern catfish, Silurus asotus (Linnaeus) (order Siluriformes, family Siluridae), spreading widely throughout the Northeast Asia, is an important species in Korean freshwater aquaculture Gil et al., 2017) .
In this study, we tried to provide a more detailed contents, and investigated the impact of sodium nitrite on physiolog- Immediately after conclusion of the starvation experiment, the oxygen consumption rate was measured according to the method of Jo & Kim (1999) . For the measurement of oxygen consumption rate, the respirometer chamber was utilized by a simple circulating system. The water was circulated from the reservoir (170 L) to the head tank by a circulating pump, passing by a respirometer chamber and then flowing back into the reservoir. The head tank was equipped with a temperature controller and 10 µm and 3 µm cartridge filters equipped for the filtering of particles.
The flow through UV lamp was utilized for the reduction of oxygen consumption by microbes. Water from the respirometer chamber flowed into an oxygen measurement chamber. During the period of experiment, the average 1) Temperature, pH, dissolved oxygen, and salinity were measured using an oxygen measurement electrode and a multi-data logger system (Oxyguard, Denmark). Ammonia, nitric acid, nitrous acid, and conductivity were measured using spectrophotometer (DR 2800, HACH, Loveland, Colorado, USA). The values are means of triplicate groups.
water flow was 59.6±0.5 L/h. The respirometer chamber was comprised of an acrylic resin box with a thickness of 8 mm; the overall dimensions of the box were 10 cm (width)× 25 cm (length)×10 cm (height). A rubber pad was used as a cover for the respirometer chamber to prevent the inflow of air; a hole was made in the cover and a small valve was attached for the removal of air in the respirometer chamber. Inflow water in the respirometer chamber was diffused through a 10 mm pipe with the cap at the end, where a few holes were made. Water flowing from the respirometer chamber was flowed into the dissolved oxygen measurement chamber, the dimensions of which were 10 cm (width)× 10 cm (length)×6 cm (height). The respirometer chamber consisted of three chambers, and each chamber was connected to a dissolved oxygen measurement chamber.
Dissolved oxygen measurement chambers were equipped with an oxygen probe and air in this chamber was removed by the same method as the respirometer chamber. Dissolved oxygen was measured using an oxygen measurement electrode and a multi-data logger system (Oxyguard, Denmark). Inflow and outflow dissolved oxygen of the respirometer chamber was measured by using μLog VL 100 software at 5-minute interval over 24 hrs. Measurements of oxygen and oxygen consumption rates at each temperature were saved by the multi-data logger. After experiment started, measurement times were set at 6-hour interval over 48 hrs. Before measuring the dissolved oxygen, pH, ammonium (NH4 + ) concentration, carbon dioxide (CO2) concentration, and respiratory frequency (gill cover movement) were measured using a counter and a digital timer. NH4 + and CO2 concentrations were measured using spectrophotometer (DR 2800, HACH, Loveland, Colorado, USA). Dissolved oxygen and pH were measured using an oxygen measurement electrode and a multi-data logger system (Oxyguard, Denmark). Measurements of oxygen and oxygen consumption rates at each experimental group were saved by multi-data logger, as described by Cech (1990) .
For the blood analyses of cortisol, glucose, and lactic acid, blood samples were extracted from five randomly se- times, and means were separated by using Duncan's multiple range test and they were considered significantly different at p<0.05 (Duncan, 1955) .
After 210 days, the starved group of Far Eastern catfish,
Silurus asotus rapidly lost vitality, and as a result, the experiment was terminated. Fig. 1 shows changes in survival ing to grow and remaining healthy (Fig. 2) .
In Tables 3 and 4 Table 3 shows the comparison of pH values and respiratory frequency (gill cover movement) between fed and starved groups. For both groups, respiratory frequency also gradually decreased until 48 hrs and pH also decreased drastically until 12 hrs, and then de creased gradually until 48 hrs. The respiratory frequencies of starved group were significantly higher than those of fed group, and they decreased over the elapsed time (p<0.05).
Therefore, it was concluded that oxygen uptake per unit of respiratory movement was lower in starved group than in fed group. The CO2 and NH4 + concentrations increased drastically until 6 hrs, and increased gradually until 48 hrs as shown in Table 4 . The CO2 and NH4 + of fed group were significantly higher than those of starved group, and they increased over the elapsed time (p<0.05).
Dose-response mortality occurred in fish exposed to 120 mg/L of sodium nitrite at the fed group and 40 mg/L at the starved group (Fig. 4) . 108 mg/L at the starved group respectively.
Figs. 6, 7, and 8 are variations of hematological result for 48 hrs of exposure to sublethal sodium nitrite. In the fed group, plasma cortisol increased significantly (p<0.05) from 1.9±0.3 µg/dL to 30.7±2.5 µg/dL at 12 hrs, but 5.6±2.9 µg/dL at 24 hrs and 4.8±0.7 µg/dL at 48 hrs respecticely. The changes for 24 hrs and 48 hrs were not significant (p>0.05, Fig. 6 ). In the starved group, plasma cortisol increased significantly (p<0.05) from 1.8±0.3 µg/dL to 16.7±2.5 µg/dL at 6 hrs, but 5.8±2.9 µg/dL at 12, 5.6±2.9 µg/dL 24 hrs, and 4.8±0.7 µg/dL 48 hrs respectively however, the changes for 12, 24, and 48 hrs were not significant (p>0.05, Fig. 6 ). The glucose concentrations of the two groups increased significantly from 28.5±0.7 mg/dL to 242±18.4 (fed) and 127±3.9 mg/dL (starved) at 12 hrs (p<0.05 for both, Fig. 7 ). The glucose levels of the fed and starved groups differed significantly from 1 hr to 48 hrs (p<0.05). At 12 hrs, the cortisol and glucose levels of the fed and starved groups reached the most significant difference (p<0.05). Lactic acid of fed and starved groups increased until 48 hrs, but no significant difference between fed group and starved group was found (p>0.05, Fig. 8 ). Larsson and Lewander (1973) noted that many fish undergo natural periods of starvation at a particular time every year and have consequently evolved the ability to withstand the prolonged food shortages. Such periods may amount to weeks, months, or even years, and may cause extensive loss of energy stores in the body as fish consumes its own tissues to remain alive (Weatherley & Gill, 1987; Park et al., 2015) . This study shows that, Far Eastern catfish, Silurus asotus can tolerate the long term of food shortage for 210 days from the experimental proof.
When a fish is exposed to chronic stress, its metabolic reactions are altered by changes in the hypothalamic- Eddy et al., 1983) . The effect of sodium nitrite (NaNO2) on fish is more intense in Cl --poor freshwater. Thus, NaNO2 is more toxic in freshwater than in seawater (Grosell & Jensen, 1999) .
Plasma NaNO2 accumulation probably causes methemoglobinemia and malfunction of hemopoietic activity, which are detectable effects of NaNO2 intoxication (Costa et al., 2004) . Although methemoglobinemia is not directly related to high mortality in fish exposed to NaNO2, the passing through of NaNO2 into the blood stream may cause an increase in blood cell lysis, changes in the plasma electrolyte balance, and efflux of K + from red blood cells, which is evident from the increase in the number of shrunken RBCs (Knudsen & Jensen, 1997; Huertas et al., 2002; Martinez & Souza, 2002; Costa et al., 2004) . The dysfunctional erythrocytes may be removed from the blood circulation because of an oxygen shortage, causing reduction in the total erythrocyte counts (Park et al., 2007) . For this reason, a significant difference was caused between fed and starved group in this experiment.
Plasma cortisol and plasma glucose are recognized as useful indicators of stress in fish (Park et al., 2008) .
Plasma cortisol and glucose levels in red drum, Sciaenops ocellatus simultaneously exposed to stressor were reported to be elevated (Massee et al., 1995) . Barton and Iwama (1991) stated that "In general, the phenomenon that plasma cortisol concentration of fish rises by stress is first order reaction, and the phenomenon that plasma glucose concentration rises is the second-order reaction by hormone rise caused by stress". This finding has been reported in gray mullet, Mugil cephalus and kelp grouper, Epinephelus bruneus (Park et al., 2008) . In this study, we have investigated the effect of starvation on Far Eastern catfish, exposed to the stress of NaNO2. In this study, it may safely be said that we have found out a useful index for recognizing the nutritional state of Far Eastern catfish in both fed and starved group experiencing the exposure to NaNO2.
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